We seek to quantify the impact on euro area GDP of the European Economic Recovery Plan (EERP) enacted in response to the financial crisis of 2008-09. To do so, we estimate an extended version of the ECB's New Area-Wide Model with a richly specified fiscal sector. The estimation results point to the existence of important complementarities between private and government consumption and, to a lesser extent, between private and public capital. We first examine the implied present-value multipliers for seven distinct fiscal instruments and show that the estimated complementarities result in fiscal multipliers larger than one for government consumption and investment. We highlight the importance of monetary accommodation for these findings. We then show that the EERP, if implemented as initially enacted, had a sizeable, although short-lived impact on euro area GDP. Since the EERP comprised both revenue and expenditurebased fiscal stimulus measures, the total multiplier is below unity.
Non-technical Summary
The launch of large-scale fiscal stimulus packages following the financial crisis of 2008-09 has triggered a lively debate in both academic and policy circles about the effectiveness of fiscal policy. Two such large-scale fiscal packages were the American Recovery and Reinvestment Act (ARRA) in the United States and the European Economic Recovery Plan (EERP) in the European Union. In response to the debate, a growing academic literature has emerged analysing the economic effects of the fiscal stimulus packages. Most of this literature studies the impact of the ARRA.
In this paper, we seek to quantify the impact of the EERP on euro area GDP using an extended version of the ECB's New Area-Wide Model (NAWM) with a detailed fiscal sector. Our specification of the fiscal sector aims at balancing the need for a high degree of detail, which is deemed important for conducting a meaningful quantitative analysis of the impact of fiscal policy on GDP, and tractability, which permits identifying the relevant economic mechanisms. Notably, the extended NAWM allows for complementarities between private and government consumption and between private and public capital.
The estimation of the extended model makes use of 25 quarterly time series, 8 of which are from a newly available database for fiscal revenue and expenditure data as well as government debt. The estimation results point to the existence of important complementarities between private and government consumption and, to a lesser extent, between private and public capital. Employing the estimated model, we first examine the implied present-value multipliers for 7 distinct fiscal instruments. The estimated complementarities result in fiscal multipliers larger than one for government consumption and investment. We highlight the importance of monetary accommodation for these findings. Assuming that its implementation was carried out in line with the initial enactment, we then show that the EERP had a sizeable, although short-lived impact on euro area GDP. Since the EERP consisted of
Introduction
The launch of large-scale fiscal stimulus packages following the financial crisis of 2008-09 has triggered a lively debate in both academic and policy circles about the effectiveness of fiscal policy. Two such large-scale fiscal packages were the American Recovery and Reinvestment Act (ARRA) in the United States and the European Economic Recovery Plan (EERP) in the European Union. In response to the debate, a growing academic literature has emerged analysing the economic effects of the fiscal stimulus packages. Most of this literature studies the impact of the ARRA. Prominent examples are the studies by Cogan et al. (2010) , Drautzburg and Uhlig (2011) and . 1 In this paper, we seek to quantify the impact of the EERP on euro area GDP. To this end, we estimate an extended version of the ECB's New Area-Wide Model (NAWM; see Christoffel et al., 2008 ) with a rich fiscal sector. Our specification of the fiscal sector aims at balancing the need for a high degree of detail, which is deemed important for conducting a meaningful quantitative analysis of the impact of fiscal policy on GDP, and tractability, which permits identifying the relevant economic mechanisms. Specifically, the extended NAWM features: (i) non-Ricardian households, so that government transfers have real effects; (ii) government consumption, which is valued by households in a non-separable way; (iii) public capital subject to a time-to-build technology, which can be either a complement or a substitute of private capital; (iv) time-varying distortionary tax rates; and (v) fiscal rules governing the endogenous adjustment of fiscal policy.
The estimation of the extended model makes use of 25 quarterly time series, 8 of which are from a newly available database for fiscal revenue and expenditure data as well as government debt. The estimation results point to the existence of important complementarities between private and government consumption and, to a lesser extent, between private and public capital. Employing the estimated model, we first examine the implied present-value multipliers for 7 distinct fiscal instruments. The estimated complementarities result in fiscal multipliers larger than one for government consumption and investment. We highlight the importance of monetary accommodation for these findings. Assuming that its implementation was carried out in line with the initial enactment, we then show that the EERP had a sizeable, although short-lived impact on euro area GDP. Since the EERP consisted of revenue and spending-based fiscal measures, the total EERP multiplier is below unity.
Based on a growth accounting exercise, as detailed in Coenen, Straub and Trabandt (2012) , we furthermore study the role of endogenous adjustments of fiscal policy for euro area GDP during the crisis, with findings that hint at the importance of fiscal stabilisation beyond the effects of purely discretionary measures. In a similar vein, we provide evidence that the EERP alone does not account for the total discretionary fiscal stimulus.
Our analysis is related to Cwik and Wieland (2011) who evaluate the spending part of the EERP and conclude that the associated multiplier is below unity. Relative to Cwik and Wieland, our paper emphasises the following dimensions. First, we highlight the importance of possible complementarities between private and government consumption. Second, our analysis provides a more encompassing analysis of the effects of the EERP since we take into account a variety of instruments for government spending and revenue. Third, none of the models used by Cwik and Wieland is estimated using fiscal data, while we use a model that is estimated on lots of fiscal data. Fourth, we emphasise the importance of monetary accommodation for the assessment of the overall efficacy of fiscal stimulus packages.
The remainder of the paper is structured as follows. Section 2 provides an overview of the model, while Section 3 reports on the data and the main estimation results. Section 4 studies the estimated present-value fiscal multipliers and highlights the importance of monetary accommodation. Section 5 presents the results regarding the effectiveness of the EERP in stabilising economic activity in the euro area and provides extensive sensitivity analysis. In Section 6, we contrast the EERP results with an alternative measure of discretionary fiscal policy based on historical decompositions. Finally, Section 7 concludes.
The Model
In this section we give a brief overview of the extended version of the ECB's New Area-Wide Model (NAWM) with a detailed specification of the fiscal sector. As the main elements of the model's baseline version are relatively standard, we just provide a non-technical sketch of its basic structure and highlight subsequently those features that are most relevant for understanding the enhanced role of fiscal policy in the extended model.
The Baseline Model: A Bird's Eye View
The baseline version of the NAWM is an open-economy DSGE model of the euro area designed for use in the (Broad) Macroeconomic Projection Exercises regularly undertaken by ECB/Eurosystem staff and for analysis of topical policy issues; see Christoffel, Coenen and Warne (2008) for a detailed description of the model's structure. Its development has been guided by the principal consideration of covering a comprehensive set of core projection variables, including a small number of foreign variables, which, in the form of exogenous assumptions, play an important role in the projections.
The NAWM features four types of economic agents: households, firms, a fiscal authority and a monetary authority. Households make optimal choices regarding their purchases of consumption and investment goods, the latter determining the economy-wide capital stock.
They supply differentiated labour services in monopolistically competitive markets, they set wages as a mark-up over the marginal rate of substitution between consumption and leisure, and they trade in domestic and foreign bonds.
As regards firms, the NAWM distinguishes between domestic producers of tradable intermediate goods and domestic producers of three types of non-tradable final goods: a private consumption good, a private investment good, and a public consumption good. The intermediate-good firms use labour and capital services as inputs to produce differentiated goods, which are sold in monopolistically competitive markets domestically and abroad. Nominal frictions arise from staggered price and wage-settingà la Calvo (1983) , along with (partial) dynamic indexation of price and wage contracts. In addition, there exist financial frictions in the form of domestic and external risk premia.
The fiscal authority purchases the public consumption good, issues domestic bonds, and levies different types of distortionary taxes, albeit at constant rates. Nevertheless, Ricardian equivalence holds because of the simplifying assumption that the fiscal authority's budget is balanced each period by means of lump-sum taxes. The monetary authority sets the shortterm nominal interest rate according to a Taylor (1993) -type interest-rate rule, stabilising inflation in line with the ECB's definition of price stability.
The NAWM is closed by a rest-of-the-world block, which is represented by a structural VAR (SVAR) model determining five foreign variables: foreign demand, foreign prices, the foreign interest rate, foreign competitors' export prices and the price of oil. The SVAR model does not feature spill-overs from the euro area, in line with the treatment of the foreign variables as exogenous assumptions in the projections.
The Model with an Enhanced Role for Fiscal Policy
In the extended version of the NAWM, we allow fiscal policy to influence the economy through several additional channels. Specifically, the extended model features: (i) nonRicardian households, so that, inter alia, government transfers have real effects; (ii) government consumption, which is valued by households in a non-separable way; (iii) public capital subject to a time-to-build technology, which can be a complement or a substitute of private capital; (iv) time-varying distortionary tax rates; and (v) fiscal rules that determine the endogenous adjustment of the different fiscal instruments.
Households and Government Consumption
We adapt the baseline model by introducing non-Ricardian households in the form of rule-ofthumb consumers, following Coenen and Straub (2005) and Galí, López-Salido and Vallés (2007) . 2 To this end, we assume that there is a continuum of households, indexed by h ∈ [ 0, 1 ], which is split into two groups: (i) Ricardian households, indexed by i ∈ ( ω, 1 ], who accumulate physical capital and have access to financial markets, and (ii) non-Ricardian households, indexed by j ∈ [ 0, ω ], who do not. As a result, the former group of households can smooth consumption intertemporally in response to shocks, whereas the latter simply consume their after-tax disposable income. 3 Furthermore, we adapt the model by allowing for non-separable valuable government consumption similar to Leeper, Walker, and Yang (2009b) . This feature has several interesting implications. First, changes in government consumption affect optimal private consumption decisions directly, as opposed to the indirect wealth effect in case of separable government consumption. Second, conditional on the estimated degree of complementarity a co-movement of private and government consumption may be obtained. Examples of public consumption goods that represent complements to private consumption goods are public security provision such as border control or police patrols, basic education, operas and theaters and many more.
Formally, aggregate consumptionC h,t of household h is defined as a constant elasticity of substitution (CES) aggregate:
where C h,t denotes the household's consumption of private goods, and G t measures government consumption. Note that α G is a share parameter and υ G > 0, where υ G measures the elasticity of substitution between private consumption and government consumption.
υ G → 0 implies perfect complementarity, υ G → ∞ gives perfect substitutability, and υ G → 1 yields the Cobb-Douglas (CD) case.
Ricardian Households
Each Ricardian household i maximises its lifetime utility in a given period t by choosing purchases of the private consumption good, C i,t , purchases of a private investment good, I i,t , which determines next period's private capital stock, K i,t+1 , and next period's (net)
holdings of domestic government bonds and internationally traded foreign bonds, B i,t+1
and B * i,t+1 , respectively. The household's lifetime utility function is given by:
where β denotes the discount factor and ζ is the inverse of the Frisch elasticity of labour supply. The parameter κ measures the degree of external habit formation in consumption.
Thus, the utility of household i depends positively on the difference between the current household-specific aggregate consumption bundle, C i,t , and the lagged economy-wide aggregate consumption bundle, C t−1 , and negatively on labour supply, N i,t .
The household faces the following period-by-period budget constraint:
where P C,t and P I,t are the prices of a unit of the private consumption good C i,t and the investment good I i,t , respectively. W i,t denotes the wage rate for the labour services provided to firms, N i,t ; R K,t indicates the rental rate for the capital services rented to firms, K i,t ; and D i,t are the dividends paid by the household-owned firms. R t and R * t denote the respective risk-less returns on domestic government bonds and internationally traded foreign bonds. The latter are denominated in foreign currency and, thus, their domestic value depends on the nominal exchange rate S t .
The fiscal authority absorbs part of the household's gross income to finance its expenditure. τ C t denotes the consumption tax rate that is levied on the household's consumption purchases; and τ N t , τ K t and τ D t are the tax rates levied on the different sources of the household's income: wage income, capital income and dividend income. We assume that the physical capital depreciation, δ P I,t K i,t , is exempted from taxation. τ
is the additional payroll tax rate levied on wage income (representing the household's contribution to social security). The terms T i,t and TR i,t denote lump-sum taxes and lump-sum transfers, respectively.
The effective return on the risk-less domestic bonds depends on a financial intermediation premium, represented by an exogenous domestic risk premium shock ǫ RP t , which drives a wedge between the interest rate controlled by the monetary authority and the return required by households. Similarly, when taking a position in the international bond market, the household encounters an external financial intermediation premium Γ B * (B * t+1 ; ǫ RP * t ),
where ǫ RP * t represents an external risk premium shock. This specification implies that, in the non-stochastic steady state, households have no incentive to hold foreign bonds and the economy's net foreign asset position is zero. The incurred intermediation premia are rebated in the form of lump-sum payments, Ξ B i,t and Ξ B * i,t . Finally, the physical capital stock owned by household i evolves according to the following capital accumulation equation:
where δ denotes the depreciation rate of the private capital stock. Γ I (I i,t /I i,t−1 ) represents a generalised adjustment cost function in investment and ǫ I t is an investment-specific technology shock.
Non-Ricardian Households
The preferences of non-Ricardian and Ricardian households are identical. However, non-Ricardian households do not invest in physical capital and have no access to financial markets. Therefore, each non-Ricardian household j sets nominal consumption expenditure equal to after-tax disposable wage income plus government transfers. This results in the following period-by-period budget constraint:
Note that the approach to introducing non-Ricardian households adopted here implies that lump-sum taxes are only paid by Ricardian households. Moreover, we allow for a possibly uneven distribution of transfers amongst Ricardian and non-Ricardian households according to the following rule:
Wage Setting and Labour Supply
As in Coenen and Straub (2005) , we assume that both the Ricardian and the non-Ricardian households supply their labour services to firms via unions which act as wage setters in monopolistically competitive markets, taking firms' aggregate demand for labour as given.
Furthermore, we assume that the individual union's choice variable is a common nominal wage rate for both types of households. These assumptions imply that the model's aggregate wage Phillips curve is unaffected by the introduction of non-Ricardian households.
Finally, we assume that the unions pool the wage income of all households and then distribute the aggregate wage income in equal proportions. In steady state, we compute TRi and TRj such that Cj /Ci = ι, where ι is an estimated parameter which equals roughly 0.8 at the posterior mode.
5 Formally, this can be justified by the existence of state-contingent securities that are traded amongst unions in order to insure households against variations in household-specific wage income associated with Calvo-type wage rigidities. 6 The alternative assumption that non-Ricardian households set their wage rate equal to the average wage rate of Ricardian households and face identical labour demand would yield the same result that wages and labour supply are identical across both groups.
physical capitalK f,t :
The variable ε t represents a serially correlated, but transitory technology shock that affects total factor productivity, while the variable z t denotes a permanent technology shock that introduces a unit root in the firm's output by augmenting the productivity of labour lastingly. The (gross) rate of labour-augmenting productivity g z,t = z t /z t−1 follows a serially correlated process and determines the model's balanced growth path. Similar to Christiano, Eichenbaum and Evans (2005) and Smets and Wouters (2007) , the term z t ψ is the amount of production that is sunk (or lost) each period by the firm.
Physical capital is a CES aggregate of private capital services K f,t and the public capital
where α K is a share parameter, and the parameter υ K > 0 denotes the elasticity of substitution between private capital services and the public capital stock. υ K → 0 implies perfect complements, υ K → ∞ gives perfect substitutes, and υ K → 1 yields the CD case. Note that each intermediate-good firm f has access to the same public capital stock and that the latter grows at the same speed as private capital services along the balanced growth path of the model.
Recently, Leeper, Walker and Yang (2009b) have argued that time-to-build for public capital is important for analysing the ARRA. In fact, government investment is typically subject to longer implementation delays than, for example, government goods purchases.
In particular, it takes time until a budgeted government investment project (e.g. infrastructure) is implemented and contributes to the public capital stock. Leeper, Walker and Yang (2009b) model the delays between the authorisation of a government spending plan and completion of an investment project by a time-to-build technology for public capital projects, as in Kydland and Prescott (1982) . 7 We allow for the possibility of several periods of time-to-build in public capital, adopting a similar specification. We thus assume that the government initiates investment projects that take L periods until they become productive and augment the public capital stock.
The law of motion for public capital is then given by:
where δ G , denotes the depreciation rate of the public capital stock. A I G ,t−L+1 is the authorised budget for government investment in period t − L + 1. Government investment that is actually implemented (outlayed) is defined by:
with L−1 n=0 b n = 1, and enters the government budget constraint as well as the economy's aggregate resource constraint.
In the case of a one-period time-to-build technology (as assumed for private investment), public investment outlayed in period t becomes productive in period t + 1, i.e. L = 1 and
Government Budget Constraint and Fiscal Rules
The fiscal authority purchases the public consumption good, G t , and the public investment good, I G,t , issues bonds to refinance its debt, B t , makes transfer payments, TR t , and raises different types of taxes with details on the latter given above. The fiscal authority's periodby-period budget constraint has the following form: 8
where P G,t and P I G ,t are the prices of a unit of the public consumption good and the public investment good, respectively. τ
denotes the rate of firms' contributions to social security.
Note that all quantities are expressed in per-capita terms. 9
The fiscal instruments on the expenditure and revenue side are assumed to follow the 8 In deriving the budget constraint, we have used the fact that the total wage sum paid by firms to the households equals
where ϕ W denotes the steady-state wage markup in the model. 9 The aggregate quantity of a household-specific variable X h,t , expressed in per-capita terms, is given by
prescriptions of simple feedback rules with a uniform specification. Specifically, we assume that all fiscal instruments react to their own lagged values, to real government debt, B t /P t , and to output, Y t .
On the expenditure side, taking government consumption as an example, the log-linear specification of the rule is given by:
where a 'ˆ' denotes log-deviations from the values implied by the model's balanced growth path, or steady state. η G t is an unanticipated shock to government consumption, representing a discretionary fiscal impulse. Following Leeper, Walker and Yang (2009a) we allow for pre-announcement effects, with a weight of ψ G . In terms of fiscal feedback rules, we allow for the same structure for government investment and government transfers.
Similarly, as an illustration of the fiscal rules on the revenue side, the labour tax rule is given by:τ
where a '˘' denotes percentage-point deviations from the steady-state tax rate. In terms of rules, we allow for the same structure for employers' and employees' social security contributions as well as for lump-sum taxes. Note that for consumption taxes, we only allow for pre-announcement but not for feedback on debt or output. All other tax instruments are kept constant at their steady-state values.
Below, we shall assume that the parameters governing the lag dependence of the fiscal instruments and the importance of pre-announcement effects fall in the unit interval. Regarding the feedback parameters on government debt and output we shall be agnostic. That is, we shall estimate these parameters using a prior that is centred at zero and has support on the entire real line. This way, we do not restrict ourselves to imposing a priori restrictions that a particular fiscal instrument stabilises government debt or is counter-cyclical with respect to output. In other words, we envisage to let the data "speak" about which fiscal instrument contributes to debt stabilisation and whether it is pro or counter-cyclical with respect to the business cycle. 10
10 While government debt in all fiscal feedback rules is pre-determined, output enters contemporaneously. We have also experimented with lagged output instead of contemporaneous output in the fiscal rules. None of our core results changes visibly.
Bayesian Estimation
We adopt the approach outlined in An and Schorfheide (2007) and Schorfheide (2000) and estimate the extended version of the NAWM employing Bayesian inference methods over the sample period from 1985Q1 to 2010Q2 (using the period 1980Q2 to 1984Q4 as training sample). This involves obtaining the posterior distribution of the model's parameters based on its log-linear state-space representation using the Kalman filter. 11 An extensive discussion of the estimation results for the extended NAWM is beyond the scope of this paper. Here we report selectively on the data used in the estimation, on the model's shock processes, on the calibration of important steady-state ratios and on the prior and posterior distributions of key parameters, to the extent that this helps to understand the enhanced role of fiscal policy in our model. For details concerning the estimation of the baseline model structure the reader is referred to Christoffel et al. (2008, Section 3) .
Data and Shock Processes
In estimating the extended version of the NAWM, we use quarterly time series for 17 out of the 18 macroeconomic variables used in the estimation of the baseline model: real GDP, private consumption, government consumption, extra-euro area exports and imports, the GDP deflator, the consumption deflator, the extra-euro area import deflator, total employment, nominal wages per head, the short-term nominal interest rate, the nominal effective exchange rate, foreign demand, foreign prices, the foreign interest rate, competitors' export prices, and the price of oil. The time series for total investment is replaced by the time series for private investment. All time series are taken from an updated version of the AWM database (see Fagan, Henry and Mestre, 2001) , except for the extra-euro area trade data and the government consumption data. For further details on the data and their transformation prior to estimation see Christoffel et al. (2008, Section 3.2) .
For government consumption and 7 additional fiscal variables, namely government investment, government transfers, indirect taxes, direct taxes, employees' and employers' social security contributions, as well as government debt, we use quarterly time series from a new fiscal database by Paredes, Pedregal and Pérez (2009) . This database exploits intra-annual fiscal information for interpolation purposes which allows to capture genuine intraannual "fiscal" dynamics in the data. This helps to circumvent two important problems that are present in fiscal time series interpolated on the basis of general macroeconomic indicators: (i) the endogenous bias that arises if such interpolated fiscal series were used with macroeconomic variables to assess the impact of fiscal policies; and (ii) the well-known decoupling of tax collection from the evolution of macroeconomic tax bases (revenue windfalls/shortfalls). For further details on the fiscal data see the Appendix.
By using euro area aggregate data for estimating fiscal rules and fiscal multipliers, we follow the approach pursued by Coenen and Straub (2005) and Forni et al. (2009) . One disadvantage of using aggregate euro area data is that fiscal policy within the euro area is conducted at the national level. Focusing on the aggregate euro area in our analysis has, however, also some advantages. First, we can rely on a framework that matches the dynamics of the euro area macro aggregates quite well (see Christoffel et al., 2008) . Second, we can neglect all the theoretical and empirical problems related to the analysis of a monetary union in a multi-country framework. Finally, the empirical literature finds relatively limited cross-country spillovers from fiscal policy shocks. As a result, country-specific components still contribute to a significant share of the variability of the macroeconomic aggregates (see De Bandt and Mongelli, 2000) . In that sense, estimating (a weighted average of) fiscal rules and fiscal multipliers using euro area aggregate data might be appropriate for the analysis of the dynamics of euro area aggregates.
Data on government consumption are available in real terms, while existing nominal data on government investment and on government transfers and government debt are deflated using, respectively, the private investment deflator and the private consumption deflator from the AWM database. Revenue data are constructed as a ratio to consumption expenditure (indirect taxes) or to wage and salary income (direct taxes as well as social security contributions). We remove a linear trend from all fiscal data, except for social security contributions and government debt from which we subtract HP-trends and a broken linear trend, respectively. 12 Figure 1 shows the time series of the transformed fiscal variables for our sample period from 1980Q2 to 2010Q2.
12 Compared to the earlier part of the sample, government debt grew at a much slower rate after the year 1993, i.e. after the Maastricht treaty became effective. Since political economy considerations are beyond the scope of the model, we choose a breakpoint for the linear trend of government debt in 1993Q4. Further, due to institutional reforms in e.g. Italy data on social security contributions (SSC) show a quantitatively large increase in the mid-1990s for several years before reverting back. A simple linear trend would imply negative deviations of detrended SSC before and after the mid-1990s throughout. As a step forward, we remove HP-trends from these data. For work that emphasises the importance of modelling changing trends explicitly, see e.g. Sims (2012) .
Commensurate with the number of time series used in the estimation, the extended NAWM features 20 distinct structural shocks, several of which have been discussed in Section 2, plus the 5 shocks for the foreign variables. 13 In particular, we distinguish 7 shocks entering the fiscal feedback rules for government consumption, investment and transfers, for indirect and direct taxes, and for employees' and employers' social security contributions, plus a shock to the lump-sum tax rule which closes the government budget constraint in the model. All shocks are assumed to follow first-order autoregressive processes, except for the shocks to the interest-rate and fiscal feedback rules and the shocks in the autoregressive models for the foreign variables, which are assumed to be serially uncorrelated. 14
Calibration and Prior Selection
Regarding the NAWM's steady state, all real variables are assumed to evolve along a balanced-growth path with a steady-state growth rate of 2% per annum, which roughly matches average real GDP growth in our estimation sample. Consistent with the balancedgrowth assumption, we then calibrate key steady-state ratios of the model by matching their empirical counterparts over the sample period. For example, the expenditure shares of private consumption, private investment, government consumption and government investment are set to, respectively, 57.5%, 18.3%, 21.5% and 2.8% of nominal GDP, while the export and import shares are set to 16%, ensuring balanced trade in steady state; see Table 1. Conditional on the model's steady-state growth rate, the discount factor β is chosen to imply an annualised equilibrium real interest rate of 2.5%, while, on the nominal side, the steady-state inflation rate is set equal to 1.9% per annum, consistent with the ECB's quantitative definition of price stability.
On the demand side of our model, we set the share of private consumption in the aggregate consumption bundle, α G , equal to 0.75. At the prior and posterior modes, this parameter value implies roughly equal marginal utilities of private (Ricardian) consumption and government consumption. Turning to the model's supply side, we set the capital share of output, α, to 30% and the depreciation rate of both private capital, δ, and public capital, δ G , to 6% at an annualised rate. Furthermore, we assume b 0 = 1 with one period time-13 In contrast to Christoffel et al. (2008) who use a SVAR(2) to model the foreign variables we assume, because of computational issues, an AR(2) process for foreign output and AR(1) processes for the four remaining foreign variables. This specification works reasonably well compared to the full SVAR specification in terms of one-step-ahead prediction errors.
14 In addition, see Christoffel et al. (2008) , we account for measurement error in extra-euro area trade data as they are prone to sizeable revisions. We also allow for small errors in the measurement of real GDP and the GDP deflator to alleviate discrepancies between the national accounts framework underlying the construction of official GDP data and the model's aggregate resource constraint.
to-build for public capital and set α K = 0.9. The latter parameter value implies that the marginal products of private and public capital are roughly equal at the prior and posterior modes. Finally, similar to e.g. Drautzburg and Uhlig (2011) , we allow for a wedge between the return on capital and government bonds. We assume this wedge to be constant over time and set it to roughly 0.8 percentage points per annum in steady state. The introduction of this wedge permits us to pin down the (endogenous) capital income tax rate at τ K = 0.35 in line with Trabandt and Uhlig (2011). 15 As regards the fiscal sector, the other steady-state tax rates are calibrated so that average tax rates match the corresponding average revenue-to-tax base ratios in the data.
This approach is consistent with our treatment of distortionary taxes as latent variables by measuring tax revenues in the data. Specifically, we set the steady-state values of the indirect and direct tax rates, τ C and τ N , to 22.3% and 11.6%, respectively. Similarly, employees' and employers' social security contributions, τ W h and τ W f , are set to 12.7% and 13.2%, respectively. Because of a lack of data, we set the tax rate τ D to zero throughout.
Regarding government debt, we assume a steady-state debt-to-GDP ratio of 60% per annum consistent with the Stability and Growth Pact, which provides a normative anchor for debt developments in the euro area over the medium to long term. This value is close to the average share of government debt to GDP of approximately 65% at the onset of the financial crisis, but significantly below the levels of debt reached in the aftermath of the crisis.
Finally, we calibrate a small number of additional parameters that are inherently difficult to identify. This concerns, for example, the inverse of the labour supply elasticity ζ, which we set equal to 2 in line with the range of available estimates in the literature, and the parameter ψ determining the sunk (or lost) part of production of intermediate-good firms, which we calibrate such that firms' profits are zero in steady state.
As regards the model parameters that we decided to estimate, we select our priors endogenously using a strategy similar to Christiano, Trabandt and Walentin (2011) . Concerning the choice of the initial prior distributions for those parameters that are common to the baseline and the extended version of the NAWM, we use broadly the same priors as Christoffel et al. (2008) . So our discussion here focuses on the prior distributions of the parameters characterising the fiscal sector in the extended model. Table 2 , for the share of non-Ricardian households ω we choose a beta distribution with a mean of 0.5 and a standard deviation of 0.1. Similarly, for the distribution parameter ̟ we assume a beta distribution with mean 0.5 and standard deviation 15 We have also experimented with allowing for exogenous time variation in this wedge to reflect the notion of risk premia in observed corporate bond yields. However, none of our results changed substantially. 0.2. Noting that the elasticities υ G and υ K of the CES aggregates determining aggregate consumption and the aggregate capital stock are restricted to be positive by theory, we specify a truncated normal distribution with mean 1 (corresponding to the CD case) and standard deviation 0.5 for these parameters.
As detailed in
Regarding the feedback coefficients on output and debt in the fiscal rules, θ ·,Y and θ ·,B , we adopt normal distributions with mean 0 and standard deviation 2. For the coefficient on the own lagged value of the fiscal instrument, ρ · , we use a beta distribution with mean 0.5 and standard deviation 0.2. In the same vein, for the weights concerning the importance of pre-announcement effects, ψ · , we employ a beta distribution with mean 0.5 and standard deviation 0.2. Finally, for the standard deviations of the fiscal shocks we use inverse gamma distributions with mode 0.10 and 2 degrees of freedom, reflecting the fact that there is little a priori information on these parameters.
Posterior Distributions
In Table 2, The posterior mode of the share of non-Ricardian households equals ω = 0.18 which is similar to, if not somewhat smaller than the estimates in Coenen and Straub (2005) . The estimated share would, in general, be too low for generating a positive output multiplier of government consumption shocks in a standard New-Keynesian DSGE model (see e.g. Straub, 2005, and Galí et al., 2007) . In our model it nevertheless allows transfer shocks to play a material role via distributional effects. The strength of these effects depends on the distribution parameter ̟. 16 As we obtain a posterior mode estimate of 0.30, the overall impact of transfer shocks is however found to be rather small.
The posterior mode estimate of the elasticity of substitution between private and government consumption goods is υ G = 0.29, so that the two goods enter the households' utility function as rather strong complements. Similarly, the posterior mode estimate of the elasticity of substitution between private and public capital is υ K = 0.84, giving rise to mod-erate complementarities in the composite capital stock. We have studied the impact of the parameters υ G and υ K on the marginal likelihood of our model. Assuming a CD-aggregate in private and government consumption with υ G = 1, the (Laplace approximation of the) marginal likelihood falls on a log-scale from -3169.6 to 3171.8. The implied posterior odds ratio of 9:1 suggests that there is substantial support for the existence of complementarities between private and government consumption. By contrast, assuming a CD-aggregate in private and public capital with υ K = 1 results in a posterior odds ratio of 1.2:1, providing only weak support for the existence of complementarities regarding capital. Interestingly, the model offers two channels for government consumption to co-move with private consumption. First, via the feature of non-Ricardian households. Second, via the degree of complementarity of private and government consumption. It appears that the data prefer the second channel. This explains, at least to some extent, why the estimated share of non-Ricardian households, ω, and the transfer distribution parameter, ̟, are rather low. The model simply has an alternative channel at its disposal to explain the possible co-movement between private and government consumption.
Turning to the parameters of the fiscal rules, the feedback coefficients in both the ex- Overall, our estimates of the feedback coefficients suggest that there is only weak evidence of automatic stabilisation of fiscal policy in the euro area. One explanation is that the fiscal variables used in the estimation correspond to rather highly aggregated times series that mask the expected counter-cyclical behaviour of particular fiscal sub-categories. For example, our measure of general transfers to households used in the estimation does not allow to distinguish between unemployment benefits and other transfers, and therefore the high level of aggregation may hide automatic stabilisation effects. 17
In Table 3 , we compare the posterior mode estimates of selected parameters that are common to the extended and the baseline version of the NAWM. Overall, the posterior mode estimates of the parameters characterising households' preferences, wage and pricesetting behaviour, final-good production, adjustment costs and monetary policy are found to be broadly similar across the two model versions. That is, the estimation of the common parameters appears rather robust to the extension of the NAWM's fiscal sector and to the inclusion of the additional 7 fiscal variables in the set of observables.
Fiscal Multipliers
In this section, we shall briefly examine the multipliers for different fiscal instruments implied by our estimated model, before turning to the evaluation of the EERP in the next section. We investigate fiscal multipliers in two ways. First, we analyse multipliers based on estimated impulse responses assuming a standard monetary and fiscal policy reaction.
Second, we examine multipliers based on standardised fiscal stimuli with a duration of two years and when the monetary and fiscal policies are accommodative, similar to the analysis in . The latter approach resembles more closely the duration of the actual fiscal stimulus, as well as the policy actions, in response to the financial crisis, and it thereby enables a better understanding of the implied multipliers.
Multipliers Based on Estimated Impulse Responses
The upper panel in Table 4 contains the values of the present-value multipliers based on impulse responses evaluated at the posterior mode estimates of the model's parameters. 18 The initial fiscal impulse is a one standard deviation shock for a particular fiscal instrument. The fiscal instruments with the largest multiplier are government consumption and government investment. The impact multiplier for a government consumption shock equals 17 Another reason is that the aggregation of national fiscal data may cause the counter-cyclical nature of fiscal policy to disappear if national business cycles are not sufficiently synchronised.
18 In this paper, we compute the present-value multiplier as in Uhlig (2010) . More precisely, we compute the government consumption present value multiplier as:
where rr denotes the steady-state real interest rate on government debt. The cases for other fiscal instruments follow accordingly.
1.02, while the long-run present-value multiplier is 0.84. By contrast, the fiscal multiplier following a shock to government investment equals 0.95 on impact, but increases to 1.13 in the long run.
The findings concerning the profile of the government consumption and investment multipliers are of course driven by the estimated degrees of complementarity between private and government consumption as well as private and public capital. The more sluggish rise of the government investment multiplier is mainly due to the slow response of the private capital stock reflecting the existence of investment adjustments costs. In the long run, however, the response of output to government investment shocks is stronger than to shocks to government consumption. 19
In contrast, transfers to households have rather modest effects on output, despite the presence of non-Ricardian households and their distributional impact in our model. Similarly, the multipliers on the revenue side are found to be low, notably for employers' social security contributions (SSC). Not surprisingly, reductions in labour income taxes and in employees' social security contributions have a very similar impact on output, as they affect the same margin in the model. 
Multipliers Based on Standardised Fiscal Stimulus
In the lower panel of Table 4 , we report present-value fiscal multipliers of a 2-year stimulus of 1% of GDP accompanied by 2 years of monetary accommodation, i.e. with an unchanged nominal interest rate. Thereafter, the nominal interest rate adjusts according to a Taylortype rule, which for the sake of comparability with other studies (see Cogan et al., 2010 , Cwik and Wieland, 2011 ) reacts only to contemporaneous inflation and output growth, with response coefficients of 1.5 and 0.125, respectively. In addition, we assume that the government does not stabilise government debt for the first two years, i.e. the fiscal rules are temporarily switched off.
This approach to computing multipliers is significantly different from the one discussed in the previous subsection. First, changes in fiscal policy are anticipated, and both monetary and fiscal policy are accommodative. Second, the size and duration of fiscal stimulus is standardised compared to the impulse response function approach with e.g. different coefficients on the lagged dependent terms for the alternative fiscal instruments (see Table 2 ).
These features affect the transmission of fiscal policy in our model in important ways.
The results in Table 4 show that under this approach the fiscal instrument with the largest multiplier is government consumption. The impact multiplier equals 1.26, while the long-run present-value multiplier is 1.63. The long-run multiplier is also above one for exogenous increases in government investment.
Note that, except for employers' social security contributions, the maximum and longrun fiscal multipliers are larger across the board compared to the impulse response function approach. The bulk of the differences is explained by the duration of monetary accommodation, similar to the findings in .
Evaluating the European Economic Recovery Plan

Composition of the EERP
Governments in the euro area have responded to the financial crisis with a range of fiscal stimulus measures within the framework of the European Economic Recovery Plan (EERP). Table 5 of the total stimulus, respectively. Support for investment has primarily taken the form of public (infrastructure) investment, while the measures directly targeted at supporting business activity have mainly been targeted at reducing business costs (reduction of taxes and social security contributions, direct aid in the form of earlier payment of VAT returns, subsidies and the stepping up of export promotion). Labour-market measures (wage subsidies and active labour-market policies) account for about 10% of the total stimulus and thus represent the smallest fraction of the total stimulus measures.
We use our model to quantify, by means of simulations, the likely economic effects of the EERP and compare them with the standardised fiscal multipliers of the estimated model. To this end, Table 5 also provides information on how the different fiscal measures implemented under the EERP were allocated to the model's fiscal variables in the simulation exercise.
Because of the unavoidably imperfect match between the exact fiscal stimulus measures adopted by the euro area member states and the model's fiscal variables, a certain amount of judgement is needed. For instance, labour-market measures are allocated to government consumption since they represent primarily active labour-market policies, the costs of which are paid for by the government. Nevertheless, keeping the above-mentioned caveat in mind, the simulations should broadly reflect the actual EERP measures. Table 6 reports the simulation results for the EERP on the basis of the information provided in Table 5 . In the simulations, the intra-annual profile of the EERP stimulus measures in other studies, we assume no pre-announcement or feedbacks, except for a debt feedback on lump-sum taxes which sets in after 2 years and is needed for ensuring debt sustainability.
Benchmark Results: Effects of the EERP
Furthermore, we set also the coefficients on the own lagged value of the fiscal instruments to zero. Again, the nominal interest rate adjusts according to a static Taylor-type rule after a period of 2 years with unchanged interest rates.
Panel A in Table 6 shows both the EERP fiscal multiplier and the EERP output effects for our benchmark simulation setup. The multiplier in the first two years is positive, amounting to about 0.52 and 0.57, respectively, and converges eventually to a long-run multiplier of around 0.73. Assuming that the fiscal stimulus measures are lifted at the beginning of the third year, the effects on real GDP fade away however rather quickly, as can be clearly seen from the corresponding output effects.
Interestingly, these results are broadly comparable with, if not somewhat larger than, those from model-based analysis provided in policy reports such as European Commission (2009) and ECB (2010). However, the present paper offers much more detail and an indepth analysis of the various determinants of the EERP fiscal multiplier. For example, below we highlight the importance of e.g. complementarities between private and public consumption and capital. Moreover, our results are based on a model estimated with lots of fiscal data compared to the models used in the above reports. Finally, below we also offer new insights about the relation of the EERP stimulus package and the overall fiscal stimulus in the euro area during the crisis.
Sensitivity of the EERP Effects
What drives the effects of the EERP in our model? To answer this question, we conduct a sensitivity analysis of our benchmark simulation results. Panel B in Table 6 illustrates the sensitivity of our results to variations of the model specification, as reflected in the assignment of alternative values to key parameters, while panel C focuses on the consequences of alternative assumptions with respect to the implementation of the EERP.
Consider the results in panel B of Table 6 first. Relative to our benchmark results, the fiscal multiplier of the EERP falls when a Cobb-Douglas aggregate in private and public capital is assumed and when government consumption is not valued by households (line 1). However, it turns out that the quantitative impact is relatively small. This does not imply that the complementarities in private and public consumption and capital in our model are quantitatively not important. It is the small overall importance of government consumption and investment which amount to only 35% in the EERP that limits the effectiveness of the complementarity channels. Interestingly, a specification that imposes very strong complementarities between public and private capital and that leads to comovement between private and public investment (see Coenen, Straub and Trabandt, 2012) has virtually identical short-run multipliers but considerably higher long-run multipliers (line 2).
The reason is that the large and persistent build-up of public and private capital results in a persistent deviation of output from the model's balanced growth path even beyond the duration of the actual stimulus. When the share of non-Ricardian households is increased to 50%, the EERP multiplier increases markedly (line 3). Non-Ricardian households have a higher propensity to consume out of disposable income. Accordingly, the same aggregate increase in transfers has a larger impact on GDP and thus on the EERP multiplier.
Finally, when the importance of nominal rigidities in the model is reduced such that prices and wages adjust every 6 months on average, the EERP multiplier increases considerably (line 4). Higher government consumption and investment increase demand and induce an increase in actual and expected inflation. When the nominal interest rate is held fixed, as we assume for the first 2 years, higher inflation implies a stronger fall in the real interest rate, inducing a surge in private absorption. Similarly, higher transfers, reduced consumption and labour income taxes as well as lower social security contributions of employees boost disposable income of especially non-Ricardian households and yet again trigger inflationary effects via the aggregate demand channel in the model. This reinforces the fall in the real interest rate. 20 In short, more flexible prices and wages induce a stronger increase in actual and expected inflation and, thereby, a more pronounced fall in the real interest rate: a larger multiplier for the EERP results.
Next, inspect the results in panel C of Table 6 . When the assumption of monetary accommodation is dropped, the EERP multiplier is noticeably smaller compared to the benchmark multiplier (line 1). In this case, the Taylor principle dictates that the nominal interest rate is increased more than one for one with the rate of inflation. As a result, the real interest rate rises so that economic activity is boosted less: the multiplier falls. In contrast, when using the estimated rule, the implied multiplier is larger (line 2). In our benchmark simulation, monetary policy follows the prescriptions of a static Taylor-type rule, with the nominal interest rate responding to contemporaneous inflation and output growth.
Our estimated interest rate rule deviates from the static Taylor-type rule by allowing for (i) interest rate smoothing and (ii) reactions to changes in inflation and output growth. Due to the relatively strong degree of interest rate smoothing in the estimated rule, the interest rate is kept at a lower level than under the static rule once monetary accommodation has ended. As a result, the real interest rate does not rise as much under the estimated rule which induces favourable output effects, i.e. a higher multiplier.
In our benchmark simulation, we assume no feedbacks, except for a small debt feedback on lump-sum taxes which sets in after 2 years and is needed for ensuring debt sustainability.
Accordingly, the EERP is initially fully deficit-financed, leading to a very persistent increase in government debt. Modifying the debt feedback on lump-sum taxes (paid by Ricardian households only) does not have a material impact on the output effects of the EERP as Ricardian equivalence applies. By contrast, if a debt feedback on distortionary labour taxes is considered instead, like in Drautzburg and Uhlig (2011) , the output effects are dampened because of the corrective future tax increases (line 3), notably in the long run. Interestingly, when the estimated fiscal feedback rules are active in the simulations, the implied present-20 Lower social security contributions of firms are the only counterbalancing force that triggers a fall of marginal costs and thereby inflation, leading ceteris paribus to an increase in the real rate. However, this effect is clearly dominated by the effects described above.
value multiplier turns out to be larger, especially in the medium to long run (line 4). The reason is that the fiscal rules have a debt stabilising effect once they are activated, notably on the expenditure side. In other words, the estimated fiscal rules imply a "spending reversal" of the sort Corsetti et al. (2009) have emphasised. Finally, when the EERP is assumed to be nearly permanent, the multiplier falls sharply (line 5). A strong negative wealth effect is responsible for this result. 21 All in all, the multipliers in our benchmark EERP simulation are relatively low, and more importantly so, below one. Since the composition of the EERP consists of many fiscal instruments, the overall EERP multiplier represents an average of the multipliers of the individual instruments. Line 6 in Table 6 shows the maximum possible EERP multiplier in our model. Given our assumptions about the duration and the path of the EERP, that multiplier is identical to the one for government consumption. In other words, had all resources of the EERP been used for government consumption, the EERP impact on GDP would have been 2 to 3 times larger than in the benchmark simulation.
Last but not least, line 7 shows the effects when a one-year implementation delay of the fiscal package is assumed. That is, agents anticipate the EERP one year ahead. Unfavourable anticipation effects similar to those reported in e.g. Cwik and Wieland (2011) result in a noticeably lower EERP multiplier.
Relation to an Alternative Study of the EERP
Our paper is related to the study by Cwik and Wieland (2011) Table 5 ), which were used in the simulations presented in the previous subsection.
However, Cwik and Wieland (2011) focus almost exclusively on evaluating the part of the total stimulus package that represents government spending for goods and services plus investment. As a percentage of GDP, that part of the total package amounts to 0.48% in 2009 and to 0.2% in 2010. Again, these numbers are reasonably close to the sum of the government consumption and government investment shares in Table 5 .
Panel A of Table 7 contains the time profile of the government spending stimulus examined by Cwik and Wieland (2011) . In contrast to our analysis in the previous subsection, the time profile is not flat in 2009. Rather, it is assumed that the stimulus builds up gradually and reaches its maximum in 2009Q3-Q4. Further, it is assumed that all government spending takes the form of non-valued government consumption.
The implied output effects reported by Cwik and Wieland (2011) for the case when no monetary accommodation is assumed are shown in panel B of Table 7 . 22 It turns out that the output effects are smaller than the stimulus itself and, therefore, the fiscal multiplier is smaller than one. When using the same simulation input, our model predicts output effects that exceed those of Cwik and Wieland. In particular, the implied multiplier exceeds 1 from 2009Q3 onwards; see panel D in the table. The gradual build-up of the multiplier is caused by the hump-shaped private consumption response to a government spending shock in our model; see Coenen, Straub and Trabandt (2012) for an illustration.
What accounts for the differences in results? Line 3 in panel B of Table 7 shows the implications when we assume that government consumption is not valued by the households in our model, i.e. α G = 1. In this case, the differences in results essentially disappear.
In other words, our estimated model highlights a channel that appears important for the conclusions about the effectiveness of fiscal stimulus. Once valued government consumption, which represents a complement to private consumption in our model, is taken into account, the implied fiscal multiplier may be easily larger than one.
In addition, we also examine the implications of monetary accommodation more closely.
Interestingly, when Cwik and Wieland (2011) Table 7 . In other words, Cwik and Wieland do obtain a multiplier larger than one once they assume two years of monetary accommodation. Again, our results are essentially identical when we assume non-valued government consumption. By contrast, when complementarities as supported by our estimation results are taken into account, the output effects and, hence, the multiplier are substantially larger.
Overall, relative to Cwik and Wieland (2011) , our paper emphasises the following dimensions. First, we highlight the importance of possible complementarities between private and government consumption. Second, our analysis provides a more encompassing analysis 22 The numbers are the average of the results shown in Figure 1 of Cwik and Wieland (2011) which are generated by three models used by the authors: the Smets and Wouters (2003) model, the European Commission's Quest model and the small IMF model. We are grateful to Tobias Cwik for providing us with the simulation results.
of the effects of the EERP since we take into account a variety of instruments for government spending and revenue. Third, none of the models used by Cwik and Wieland is estimated using fiscal data while we use a model that is estimated on lots of fiscal data. Fourth, we emphasise the importance of monetary accommodation for the assessment of the overall efficacy of fiscal stimulus packages.
Putting the EERP Effects into Perspective
The estimated model with its rich fiscal sector enables us to cross-check the simulated output effects of the EERP against the findings of an alternative approach to measuring the effects of discretionary fiscal policy: the historical decomposition of observed real GDP growth by means of a growth accounting exercise.
Fiscal Stimulus Based on Historical Decompositions
In conducting the growth accounting exercise, we decompose the dynamics of euro area real GDP growth over the period 2007-10 into the contributions of the fiscal and non-fiscal shocks that are identified through the lens of our estimated model. The contribution of the fiscal shocks are depicted in Figure 3 and suggest that discretionary fiscal policy pushed up annualised quarter-on-quarter growth rates by up to 1.6 percentage points (in 2009Q2).
In a companion paper (see Coenen, Straub and Trabandt, 2012) , we show that our strategy of allowing for a rich fiscal sector and using lots of fiscal data are pivotal for this result. That is, when the baseline version of our model is employed, which only features a very stylised fiscal sector and which is estimated using government consumption as the only observable fiscal variable, the contribution of discretionary fiscal policy to real GDP growth during the crisis is found to be essentially zero. We also show that shocks to government investment, consumption and transfers, as well as consumption and labour income taxes were all important in supporting euro area GDP growth. These findings on the relative importance of the fiscal shocks are broadly in line with the fiscal measures that were actually enacted by national governments under the EERP in response to the crisis; see Table 5 .
In the following, we extend the analysis in Coenen, Straub and Trabandt (2012) in two directions. First, we account for parameter uncertainty when calculating the growth contributions of the fiscal shocks. Figure 3 indicates that our result concerning the contribution of discretionary fiscal policy to euro area real GDP growth is fairly unaffected by parameter uncertainty, as revealed by the tightness of the band represented by the 10% and 90% percentiles from the joint posterior distribution of the model parameters. Second, we assess the importance of the fiscal feedback rules in our analysis by performing the following experiment. We set all fiscal feedback parameters to zero (except for the parameter governing the feedback from debt on lump-sum taxes) and conduct another historical decomposition of real GDP growth into fiscal and non-fiscal shocks. Then we compare the contributions of the fiscal shocks in the above benchmark case and in our experiment. The results shown in Even though the quarterly profile in 2009Q1 reveals perhaps somewhat controversial implications, the overall effect of the EERP is likely to be smaller than the one implied by the estimated fiscal shocks. The lower panel of Figure 5 provides the cumulated impact of our two measures of fiscal stimulus on euro area real GDP growth. Importantly, the EERP alone does not account for the full estimated discretionary stimulus during the crisis period.
Partly, this is due to the nature of the EERP scenario which implicitly assumes that no measures had been enacted prior to 2009Q1. On the other hand, even after 2009Q2, the estimated shocks predict larger effects of discretionary fiscal policy compared to the EERP.
Moreover, the historical decomposition points to the existence of fiscal stimulus right from the onset of the crisis in 2008Q3 and therefore before the start of the implementation of the EERP. Hence, these results indicate that the EERP alone is not sufficient to gauge the effects of fiscal stimulus during the crisis. Rather, our results based on the historical decomposition points to the presence of more sizeable fiscal support during the crisis than the EERP alone would suggest.
Conclusions
In this paper, we have quantified the impact of the EERP on euro area GDP during the recent financial crisis. To this end, we estimated an open-economy DSGE model for the euro area with a rich fiscal sector. The estimation makes use of 25 quarterly time series, 8 of which are from a newly available database for fiscal revenue and expenditure data as well as government debt. The estimation results point to the existence of important complementarities between private and government consumption and, to a lesser extent, between private and public capital. Employing the estimated model, we examined the implied present-value multipliers for 7 distinct fiscal instruments. Most notably, the estimated complementarities were found to result in fiscal multipliers larger than one for government consumption and investment. We highlighted the importance of monetary accommodation for this result.
Regarding the EERP, we provided model-based evidence that, if implemented as initially enacted, it had a sizeable, although short-lived impact on euro area GDP. Since the EERP comprised both revenue and spending-based fiscal measures, the total multiplier is below unity. We also studied the role of endogenous adjustments of fiscal policy for euro area GDP during the crisis and provided evidence that the EERP alone does not account for the total discretionary fiscal stimulus in the euro area.
While our analysis has focused on the quantitative evaluation of the expansionary effects of discretionary fiscal measures during the crisis, the latter has led-partly as a consequence of the implemented measures-to a sizeable increase in government deficits and debt levels.
Hence, future research ought to be extended towards examining the effects of fiscal consolidation strategies aimed at curtailing deficits and debt levels over the medium term. In pursuing this research, accounting for the endogenous nature of government bond premia, which have been rising sharply in some countries, will be a fundamental challenge. Note: This table provides information on the (marginal) posterior distributions of selected parameters common to the baseline and the extended version of the NAWM. The posterior distributions for the extended NAWM are based on two Markov chains, each with 1,000,000 draws, with 300,000 draws being discarded as burn-in draws.
The average acceptance rate is roughly 24%. Note that the baseline NAWM has been re-estimated using data until 2010. Note: The benchmark present-value fiscal multipliers and output effects of the European Economic Recovery Plan (EERP) are computed at the posterior mode estimates of the model parameters. In the simulations, the intra-annual profile of the EERP stimulus measures in 2009 and 2010 is assumed to be flat. The output effects of the EERP are average percentage deviations from the model's balanced growth path after a 2-year standardised fiscal stimulus (1.1% in the first year, and 0.8% in the second year in terms of baseline GDP, see Table 5 ) accompanied by 2 years of monetary and fiscal accommodation. Thereafter, the nominal interest rate adjusts according to a static Taylor-type rule which reacts only to contemporaneous inflation and real GDP growth, with response coefficients of 1.5 and 0.125, respectively. We also assume no pre-announcement or feedbacks (except for debt on lump-sum taxes), and no lagged dependent terms in the fiscal rules. Cwik and Wieland (2011) . See the main text for details. The output effects of the EERP are average percentage deviations from the model's balanced growth path. αG = 1 denotes the share parameter of private consumption (relative to government consumption) in the composite consumption bundle that provides utility to households. In other words, αG = 1 implies that government consumption is not valued by households as opposed to our baseline case. • real general government final consumption expenditure (GCR)
• nominal general government gross fixed capital formation (GIN)
• nominal general government transfers to households (THN)
• nominal general government revenues from indirect taxes, total (TIN)
• nominal general government revenues from direct taxes, total (DTX)
• nominal general government revenues from employer social security contributions (SCR)
• nominal general government revenues from employee (and other, self-employed) social security contributions (SCE)
• nominal general government debt (GDN) with the data abbreviations following the conventions in the Government Finance Statistics
Guide (ECB, 2007) .
In the Paredes et al. (2009) database social security contributions for employers and employees are only available after 1991Q1. Before that date only total social security contributions are available. We compute the shares of employer and employee social security contributions on total social security contributions from 1991Q1 to 2007Q1. These shares are relatively stable. Therefore we impose the average 1991Q1-2007Q1 shares to total social security contributions prior to 1991Q1 in order to obtain data on employer and employee social security contributions.
The database provides nominal unadjusted data for all fiscal variables, plus real seasonally adjusted data for government consumption. The methodology developed by Paredes et al. (2009) to interpolate annual fiscal data to quarterly frequencies using cash data explicitly models a seasonal component. Hence, the quarterly fiscal database also delivers nominal seasonally adjusted data. 24
24 Both series are identical to the corresponding ESA95 quarterly national accounts data, where government consumption is the only item available in real, seasonally adjusted terms. However, Eurostat only provides data from 1991Q1 onwards for real government consumption, and data from 1995Q1 onwards for nominal government consumption. By construction, the government consumption data provided by Paredes et al. (2009) therefore pins down the ESA95 data from 1991Q1 and 1995Q1 onwards. The same holds for the remaining data in nominal unadjusted terms which are available from Eurostat from 1999Q1 onwards. The ESA95 quarterly national accounts series which are available from 1999Q1 onwards only are total direct taxes, total indirect taxes, total social security contributions, government investment, and transfers to households. For the period for which no quarterly national accounts data is available, the annual sums of the fiscal data match annual national accounts data from the European Commission's AMECO database.
